Abstract: Beads of the sodium alginate (NaAlg) were prepared by dropping aqueous sodium alginate (NaAlg) into glutaraldehyde (GA) as a crosslinker and HCl as a catalyst mixture solution. Beads prepared were used to deliver a model non-steroid, anti-inflammatory drug, indomethacin (IM). The beads were characterized with Fourier transform infrared spectroscopy (FTIR), differential scanning calorimetry (DSC) and scanning electron microscopy (SEM). Chemical stability of the IM after encapsulation into beads was confirmed by FTIR. SEM photograph indicated that alginate bead has spherical shape and rough surface. Preparation conditions of the beads were optimized by considering the percentage of entrapment efficiency, swelling capacity of the beads, particle size and their release data. In vitro release studies were performed in simulated gastric fluid (pH 1.2) for the initial 2 h, followed by simulated intestinal fluid (pH 7.4) for 4 h. Effects of variables such as, GA concentration, exposure time to GA, drug/polymer (d/p) ratio and percentage of HCl on the release of the IM were investigated. It was observed that, IM release from the beads decreased with increasing GA concentration, exposure time to GA, d/p ratio and percentage of HCl. The highest cumulative IM release obtained at the end of 6 h was 68% for alginate beads which were prepared with 0.5% HCl. On the other hand the least cumulative IM release obtained was to be 20 % for alginate beads which were prepared with 30 min exposure time to GA. In order to understand the crosslinking of the polymeric matrix, the molar mass between crosslinks were calculated using the swelling parameters. It was also found from the swelling experiments that swelling degree of the beads increases with increase in the temperature. The release data have been fitted to an empirical equation to estimate the kinetic parameters. The diffusion coefficient was also calculated for the transport of the drug through the polymeric beads. Values of these parameters were found to be consistent with the release data.
Introduction
During the last decade, controlled release technology has received increasing attention in the face of a growing awareness that substances ranging from drugs to agricultural chemicals are frequently excessively toxic and sometimes ineffective when administered or applied by conventional methods [1] . Conventionally administered drugs in the form of pills, capsules, injectables and ointments are introduced into the body as pulses that usually produce large fluctuations of drug concentrations in the blood-stream and tissues and consequently, unfavorable patterns of efficacy and toxicity. The aim of controlled release (CR) formulations are to protect the supply of the agent to allow the automatic release of the agent to the target at a controlled rate and to maintain its concentration in the system within the optimum limits over a specified period of time, thereby providing great specificity and persistence [2] [3] .
The parameters that affect the properties of such CR formulations are dependent upon the nature and type of the polymer used. Despite of several polymers being used in the preparation of the CR formulations, natural polymers are often preferred to synthetic polymers because of their non-toxic, low cost, free availability and biodegradability [4] [5] .
Alginic acid is a naturally occurring polysaccharide found in all species of brown algae and some species of bacteria [6] . It is a linear polyuronate copolymer of Dmannuronic acid and L-guluronic acid [7] . The sodium alginate (NaAlg) is sodium salt of alginic acid. The NaAlg has been used as a controlled release matrix material in medicine delivery of diclofenac sodium [8] , cefadroxil [9] and in agriculture [10, 11] after crosslinking it with glutaraldehyde. Indomethacin (IM) is a non-steroidal, anti-inflammatory drug used for its antipyretic and analgesic properties. It has been used effectively in the treatment of rheumatoid arthritis for more than a decade. The high incidence and severity of side effects, which are dose-related and associated with long-term administration, have limited its use. Thus, it is important to develop an IM delivery that could minimize adverse side effects without the expense of drug efficiency [12] [13] [14] [15] . The IM releases from film [15] , cement [16] , tablet [17] , microsphere [18] , hydrogel bead [19] and pellet [20] have been reported by other researchers in the literature.
The aim of this study is to develop controlled release formulations for the effective IM release. For this purpose, NaAlg beads were prepared in various preparation conditions using the GA as a crosslinker in the HCl catalyst. Particle size, bead yield, entrapment efficiency, equilibrium swelling degree of the beads and IM release rate at pH:1.2 and pH:7.4 were investigated. The effects of extent of crosslinking and drug/polymer ratio on the IM release from the beads were researched and discussed. Release properties were also supported by calculation of diffusion coefficients.
Results and Discussion
Fourier transform infrared spectroscopy FTIR spectra were used to confirm the crosslinking of the NaAlg matrix and chemical stability IM in the alginate beads (see Fig. 1 ). The spectrum of the NaAlg showed the bands at around 3447 cm -1 for -OH stretching and 2930 cm -1 for aliphatic C−H stretching. Two bands one at 1606 cm -1 and the other at 1417 cm -1 was attributed to COO -asymmetric and COO -symmetric stretching, respectively. Additional characteristic absorption bands of NaAlg appeared at 1085 cm -1 and 1033 cm -1 due to C-O stretching [21, 22] . The crosslinking process with GA provided a shift of lower intensity of COO -stretching band at 1606 and 1417 cm -1 to higher wavenumbers (1739 and 1443 cm -1 ). Moreover, compared with the spectrum of NaAlg, the stretching band at 3428 cm -1 in the crosslinked alginate bead spectrum had shown narrower band. This result is attributed to the occurance of crosslinking reaction between -OH groups of NaAlg and -CHO groups of GA.
Indomethacin has shown characteristic bands between 3400 and 2500 cm -1 due to aromatic C-H stretching and carboxylic acid O-H stretching. The bands at 1716 and 1691 cm -1 are due to C=O stretching. IM also has shown characteristic bands due to aromatic C=C, O-CH 3 deformation and C-O stretching plus O-H deformation at around 1591, 1480 and 1230 cm -1 , respectively [23] . When the drug is incorporated into the crosslinked NaAlg bead, along with all the characteristic bands of the empty alginate bead, additional bands have appeared due to the presence of indomethacin in the matrix, which further indicates the chemical stability of the drug in the crosslinked NaAlg matrix. Fig. 1 . FTIR spectra of NaAlg (A), empty crosslinked NaAlg bead (B), IM (C) and drug loaded crosslinked NaAlg bead (D).
Differential scanning calorimetry
DSC analyses of NaAlg (A), IM loaded NaAlg bead (B) and IM (C) are presented in Fig. 2 . After crosslinking with GA, endothermic peak of NaAlg bead has shifted to higher temperature. This result indicates the crosslinking reaction between the -OH groups of NaAlg and -CHO groups of GA. T g values of NaAlg and IM loaded NaAlg bead was found to be 93 and 100 0 C, respectively, These values demostrate that crosslinking of polymer chains with GA cause to increase rigidity of the polymeric matrix. Similar observation is also found in the literature [24] . Melting point of the IM is also shown at 160 0 C from thermogram of the IM and IM loaded bead, indicating the crystalline dispersion of drug into the beads. Fig. 3 . Scanning electron photograph of IM loaded NaAlg bead. SEM photograph of a single NaAlg bead taken at 50x magnification is shown in Fig.  3 . As it is seen from the figure, the NaAlg bead is almost spherical in shape and show rough surface structure.
SEM study

Particle size, entrapment efficiency and yield value evaluation of beads
The results of bead diameter, entrapment efficiency (%) and bead yield (%) are displayed in Tab. 1. As can be seen from the table, the beads formed have particle sizes ranging from 1.19 ±0.02 to 1.66 ±0.02 mm in diameter. The size of the beads changed with drug/polymer (m/m) ratio, crosslinking concentration, exposure time to GA and percentage of HCl catalyst. Increase in crosslinking concentration, exposure time and percentage of catalyst cause decrease in the diameter of the beads. With an increase in these parameters, the beads with smaller size were produced, probably due to the formation of a more rigid network because of increased crosslink density. Similar result was found in the literature [12] . Kumbar and coworkers [12] prepared polyacrylamide-grafted chitosan hydrogel microspheres and reported that as the d/p ratio increases, diameter of the beads increases due to increase of the IM amount with increase in d/p ratio. As it is seen from the Tab. 1, values of the entrapment efficiency and bead yield are quite high. The percentage of entrapment efficiency and bead yield slightly affected the preparation conditions. These values increased slightly with the increasing of exposure time to GA and percentage of HCl.
Effect of the exposure time to GA and concentration of GA on the IM release
Controlled release is an attainable and desirable characteristic for drug delivery systems. Many parameters determine the drug release behavior from polymeric beads. These include concentration of polymer, physical blending of two polymers, drug crystallinity, drug/polymer ratio, concentration of crosslinking agent, crosslinking process used, etc. In vitro release of IM from crosslinked alginate beads was carried out in gastric (2 h) and intestinal (4 h) pH conditions at 37 o C. One of the most effective ways to change release rate of beads is to change crosslink density of the matrix by employing varying time of exposure to crosslinking agent or concentrations of the crosslinking agent. The effect of GA concentration on the release rate of IM was investigated by varying concentration of GA solution from 0.25 % to 0.75%. The results are shown in Fig. 4 , which clearly indicate that with increasing crosslinker concentration, the release rate constantly decreases at pH:7.4. The maximum IM release from the beads prepared with crosslinking concentration of 0.25 % GA, was found to be 52 % while the minimum IM release from the beads prepared with crosslinking concentration of 0.75 % GA, was found to be 23 %. Another way to change the crosslink density of the bead is to change the exposure time to GA. For this purpose, exposure time to GA was changed during the bead preparation from 5 min to 30 min and release results from these beads were presented in Fig. 5 . As it is seen from the figure as the exposure time to GA increased from 5 min to 30 min, IM release decreased from 43% to 20% in pH 7.4 at the end of 6 hours, respectively. The observed decrease in the cumulative release are due to the fact that increasing crosslinking time and concentration of GA solution result in an increase in crosslink density of the microspheres which give rise to a compact network of the polymer. Consequently, the free volume reduces and penetration of water molecules through the bead and diffusion of IM molecules become difficult. Similar observations were reported in many studies in the literature [8, [25] [26] [27] .
The IM release results were also supported by equilibrium swelling degree data presented in Tab. 2. The equilibrium swelling degree of the crosslinked polymeric beads significantly influenced their release rates. Drug release from the beads increased with increasing the equilibrium swelling degree due to easy diffusion of drug molecules outside of the beads. The concentration of the GA in the polymeric matrix increased from 0.25 to 0.75%; equilibrium swelling degree in the pH 7.4 phosphate buffer medium at 37 o C significantly decreased from 543.27±5.16% to 268.26±2.95%. In the same way, the exposure time to the GA increased from 5 to 30 minutes, equilibrium swelling degree in the pH 7.4 phosphate buffer at 37 o C decreased from 344.42±5.70% to 268.26±2.95%, respectively, because of increase in crosslinking degree. According to the free volume theory [28] , thermal motion of polymer chains in the amorphous regions randomly produces free volume. As the temperature increases, the frequency and amplitude of the chain jumping increase and resulting free volumes become larger. Penetration of water molecules through these free volumes and then swelling of polymeric matrix become easier at higher temperature. Hence, swelling degree of the crosslinked NaAlg beads is high when the temperature is high. Similar results concerning the effect of temperature on swelling degree of the beads has been reported in literature [29] [30] 
Effect of the drug/polymer ratio on the IM release
Another parameter that affects the IM release from the beads is drug/polymer ratio. The effect of d/p ratio on IM release is shown in Fig. 6 . Release of the IM from the beads are only displayed at pH 7.4 buffer solution due to almost zero release of IM in the acidic medium at first 2 h. The cumulative release of the IM decreases from 43% to 32% with increasing drug/polymer ratio from 1/4 to 1/1, respectively. This result may be attributed to the formation of increased crystal domains inside the polymer matrix due to increase of IM content in the beads with increasing drug/polymer ratio. Consequently, penetration of water molecules inside of the beads and diffusion of IM molecules outside of the beads become difficult. Similar trend was obtained in the study of nifedipine from the chitosan-g-acrylamide beads [31] . Similar observations were also found in the earlier study [8] and literature [22, 32] . Dong and coworkers [22] studied controlled release of ciprofloxacin hydrochloride from alginate/gelatin blend films. They have found that that cumulative release of the alginate/gelatin films decreased from 100% to 35% with increasing drug loading from 0.1g to 0.3g at the end of 15 hours. Fig. 7 shows the effect of catalyst percentage on the IM release with the other preparation conditions of the beads taken to be constant. As it is seen from the figure, when the percentage of HCl increases from 0.5% to 2.0%, the cumulative release of the IM decreases from 68% to 43%, respectively. HCl is a catalyst which activates GA molecules. This property of HCl causes crosslinking between -OH groups of the NaAlg and -CHO groups of GA. When the percentage of HCl increases in the GA solution, crosslink density of the beads increases due to formation of dense structure. Hence, the cumulative releases of the IM from the beads decrease with increase of the HCl percentage. Swelling experiments are also correlated with the release results as reflected in Tab. 2. The percentage of HCl in the bead preparation solution increased from 0.5% to 2.0%, equilibrium swelling degree in the pH 7.4 phosphate buffer at 37 o C decreased from 520% to 344%, respectively. 
Effect of percentage of HCl on the IM release
Effect of pH in the release medium on the IM release
The release study of the IM was achieved pH 1.2 HCl solution for 2 hours and following pH 7.4 phosphate buffer solution for 4 hours at 37 o C. As can be seen Figs.
4 and 5, IM almost was not released in pH 1.2 HCl medium. The IM release occured only in pH 7.4 buffer medium. IM is insoluble in acidic medium and hence, much slower release of IM in the acidic pH occurs compared to medium of pH 7.4 [8, 12] . Moreover, the reason of the low cumulative release in acidic media can be attributed to less swelling degree of the NaAlg beads in pH 1.2 compared to pH 7.4 [11, 31] . At acidic pH value, the less swelling should reduce the matrix permeability and limit the drug diffusion. At this pH, alginate is protonated into insoluble form of alginic acid; this displays properties of swelling that explains low amount of the release. At higher pH, the -COOH groups on the NaAlg may dissociate, increasing the osmotic pressure within the beads, resulting in higher swelling degree as presented in Tab. 2. It is reflected from the table that equilibrium swelling degree values increase with the increase in pH of the swelling medium due to dissociation of -COOH groups of the polymer. Consequently, release of the IM is easy from the swelled matrix and high release is obtained at pH 7.4 medium. Similar results are found in the literature [33, 34] .
Babu and coworkers [33] studied controlled release of ibuprofen from pH sensitive interpenetrating network microgels of NaAlg-Acrylic Acid. They reported that cumulative release of the ibuprofen depended on the pH conditions and higher swelling and cumulative release appeared with the increasing of the release medium pH from 1.2 to 7.4.
Analysis of kinetic results
The phenomenon of solvent sorption by a polymeric bead depends mechanistically on the diffusion of water molecules into the gel matrix and subsequent relaxation of macromolecular chains of the bead [35] . The release data of all the systems have been further substantiated by fitting the fraction release data M t /M ∞ to an empirical equation proposed by Peppas [36] :
Where, M t is the amount of IM released at time t and M ∞ is the drug released at equilibrium time; k, a constant characteristic of the drug-polymer system; and n, the diffusional exponent which suggests the nature of the release mechanism. n and k values were determined by plotting logM t /M ∞ vs logt.
ig. 8. Plot of logM t /M ∞ vs. logt for the bead with A2 code. F One example figure for the beads prepared with 2 % GA is given in Figure 8 . n value stimated e calculated for water absorption or drug release by was obtained from slope of the line while k value was obtained from cut-off-point of y axis. Fickian release is defined by an initial t 1/2 time dependence of the fractional release for slabs, cylinders and spheres. Analogously, Case-II transport is defined by an initial linear time dependence of the fractional release for all geometries [37] . A value of n=0.5 indicates the Fickian transport (mechanism), while n=1 is of Case II or non-Fickian transport (swelling-controlled) [33] . The intermediary values ranging between 0.5 and 1.0 are indicative of the anomalous transport [12, 31, 38] . r matrix is a function of the extent of crosslinking. In linked polymer and its determination has great practical significance. Equilibrium
M
Release of drug from the polyme order to understand the crosslinking of the polymer network it is important to calculate the molar mass, M c , between crosslinks of the network polymer. The magnitude of M c significantly affects the physical and mechanical properties of cross-swelling is widely used to determine M c . Flory and Rehner's equation in the following form was used to calculate M c values [39] .
The volume fraction, φ, of the swollen polymer was calculated as follows:
In the above equations, ρ p and ρ s are the densities of polymer and solvent, spectively. M b and M a , are the mass of polymer before and after swelling, spectively. V s is the molar volume of the solvent. d y Aithal and coworker [40, 41] . The interaction parameter, χ, was calculated using Eq. (5), the procedure publishe
where N is as follows in Eq. [10, 42, 43] .
Conclusions
M containing NaAlg beads were I GA containing between IM an the bead is almost spherical in shape and show roughness on surface. The release of IM is found to be much higher at high pH value compared to low pH value. It is found from the release study that IM release from the beads decreases with the increase of exposure time to GA, concentration of GA, drug/polymer ratio and percentage of HCl. Equilibrium swelling degree and diffusion constant of all the formulations is found to be in consistence with the release results. The n values calculated for the release of IM from alginate beads indicate that, IM release has almost shown anomalous transport. Finally, IM release from the alginate beads is changed to depend on preparation conditions. The results of this study clearly indicate that NaAlg in the form of the beads is a potential drug carrier in the design of oral controlled drug delivery systems for non-steroidal, anti-inflammatory drugs.
Experimental
Sodium alginat were purc solution, N 2 4 2 4
Germany) and used as received.
Preparation of the NaAlg beads
aAlg solution containing indomet N and stirred to form homogenous drop wise into water containin (Masterflex, L/S Digital Economy Drive, USA). The formed beads were then removed from the crosslinking solution at selected time intervals of 5, 15, 30 min and were washed with water repeatedly to remove the adhered glutaraldehyde and acid. After that, the beads were dried completely in oven at 40 o C. Unloaded beads were prepared in a similar way without IM to determine equilibrium swelling degree (ESD).
In order to estimate the size of the beads ten samples of the completely dried beads from different formulations were selected and their sizes were measured using an electronic digital caliper (Mitutoyo IP.65, Japan).
Equilibrium swelling study of the beads
he equilibrium swelling degree of the crosslinke T d empty beads was determined by f their swelling in HCl solution at pH 1.2, in led water at 27, 37 and 47 o C. To ensure measuring gravimetrically the extent o buffer solution at pH 7.4 and in distil complete equilibration, the samples were allowed to swell for 24 hours. The excess surface-adhered liquid drops were removed by blotting, and the swollen beads were weighed using electronic balance (Precisa XB 220A, USA). The beads were then dried in an oven at 40 o C till to constant weight. The percent equilibrium swelling degree was calculated as follows:
Where, M s and M d are mass of swollen beads and mass of dry beads, respectively. 
Determination of IM
Fourier transform infrared measurements (FTIR)
TIR spectra of NaAlg, empty NaAlg bead, IM, IM loaded NaAlg beads were taken ith a Jasco FT/IR-480 Plus spectrometer (Japan). The spectra were taken in the 
Differential scanning calorimetry (DSC)
The thermal analysis was performed with a differential scanning calorimeter PerkinElmer, Sapphire DSC. USA). The sample weights ra ( samples were heated from 30 °C to 3 intercept point of the slopes was taken a g
Scanning electron microscope (SEM)
SEM photographs were taken with JSM 5600 Scanning Microscope (Japan) to xamine the morphology and surface structure of the beads at the e magnification at room temperature. T sputtered with a thin coat of gold und kV with the secondary electron image as a detector.
In vitro drug release
In vitro drug release from the beads firstly was studied in 250 mL conical flasks ontaining pH 1. 
